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Abstract
Calixarcncs are a class o f macrocyclic m olecules which are capable o f forming host - guest 
inclusion com plexes with a variety o f molecules. The synthesis o f functionalized metacyclophanes 
from p-t-butylcalix|n]arene, with n*4,6, and 8, to form several diffem et series o f compounds is 
carried o u t From one o f the functionalized derivatives o f p-t-butylcalix(4]arene, the diailyloxy - 
dihydroxycalix[4]arene is bonded to silica to form an achiral calixarene HPLC column. Several 
series o f compounds are examined on this Basket Phase and they are also compared to the Regis 
Cyclo Bond 1 and octa decyl phases.
I. Introduction and Historical
Calixarcnes are macrocyclic molecules which are capable o f forming host-guest com plexes 
with a variety o f different m olecules, whether neutral, cationic, or anionic. If the cyclic oligom ers are 
properly functionalised there are many possible applications for these metacyclophanes. The 
synthesis o f functionalised calixarenes, as well as the properties o f the macrocycles and the achiral 
HPLC calixarene colum n are examined.
Interest in these m olecules began in 1912 when these cyclic oligom ers were believed to exist 
in the Bakelite products. * However, at the time there were no techniques available with which to 
determine the molecular size and constitution o f these molecules.
In the early 1940s A. Zinke and E. Ziegler obtained a product from a base-catalyzed 
condensation o f p-tert-butylphenol and formaldehyde which they believed to be a cyclic oligom er. 
First isolated was what was thought to be the cyclic octamer, then a couple o f years later they 
isolated what was believed to be the cyclic tetramer.2 Zinke named the cyclic oligom ers which he 
had synthesized "cyclischen Mehrkemmethyiene-phenolverbindungen."3 The synthetic method o f  
Zinke and Ziegler involves a one flask synthesis, which produces a mixture o f m acrocycles that are 
extremely difficult to separate, instead o f pure products. It is possible with this method to produce 
the mixture in up to 45% y ie ld / This method will later be modified by Comforth and w ill become 
the method o f choice in the synthesis o f symmetrical calixarenes.
Follow ing Zinke's work on these m etacyclophanes, in 1956, Hayes and Hunter cam e up 
with a stepw ise synthesis using p-cresol as the starting m aterial/ This synthesis o f ten or more 
steps, depending on the size o f the macrocycle which is being formed, involves the condensation of a 
para-substituted phenol with formaldehyde and is long and tedious. A lso, it produces die macrocycle 
in a very low yield. However, a  redeeming feature o f this method is that it allow s for the 
condensation o f different para-substituted phenols into the calixarene, with the possibility o f making
a chiral m acrocycle,6 since when different phenols v e in  the cyclic oligomer, the plane o f symmetry 
may no longer be present. With this method it is also probable that a mixture of oligom ers will be 
formed, instead o f pure products.
In 1979 V. Bohmer, P. Chhim, and H. Kttmmerer developed a method o f synthesis for 
calixarenes which is more convergent than the Hayes and Hunter synthesis, yet there is still the 
flexibility o f being able to use differently substituted phenols in the condensation with 
formaldehyde.? This method differs from the others in that it involves the condensation o f a linear 
trimer with a bishalomethylphenol. The cyclization step in this process proceeds to give a fairly low  
yield, giving an overall yield for the synthesis o f two to twenty percent, depending upon the type of 
para substituent on the phenols.^
The next method was developed by N o and Gutsche in 1982. This is a convergent four step 
method o f making calixarenes. In this method a para-substituted phenol is treated with formaldehyde 
under controlled conditions to produce a dimer which is then condensed with another para-substituted 
phenol to produce the linear tetramer. This product is then cyclized.9 The overall yield for this 
process is approximately ten percent, however, the redeeming feature of this synthesis is that the 
starting materials are relatively inexpensive and the purification processes for these m olecules are 
sim ple and straightforward.
The synthetic method which seemed to produce the bust results in the synthesis o f calixarenes 
was the Zinke and Ziegler method. Now known as the Zinke-Comforth method, it involves a one- 
flask synthesis with better control o f the conditions. This method now gives yields o f pure product 
o f greater than sixty percent for all o f the even-numbered calixarenes, with n *  4 to 8 and is shown in 
Schem e 1.
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In the studies of these metacyclophanes it has been found that the synthesis of the molecules 
from p-tert-butylphenol and formaldehyde, in the presence of base, proceeds to give a high yield of 
the pure product. * * The product is dependent upon the reaction conditions, Jnce different 
conditions allow for the formation of calixarenes with a different number of rings present in the 
macrocycle.
There are several factors which effect the formation of the calixarenes. First, there is the ratio 
of reactant effect. As the ratio of the base to the phenol and formaldehyde increases, the major 
product in the mixture goes from the cyclic octamer to the cyclic hexamer. *2 The temperature also 
plays a role in the formation of these compounds. The higher the temperature needed for reflux, 
which is controlled by the solvent used, the smaller the number of rings condensed into the 
macrocycle. For example diphenyl ether, with a boiling point of 258°C, is used to produce 
predominately the tetramer while xylene, with a boiling point of approximately 140° C, is the solvent 
used in the formation of the cyclic hexamer. *3
The cation present from the aqueous base also has an effect on the number of rings present in 
the macrocycle. Potassium is most effective in the formation of the tetramer and the hexamer is most 
preferentiably formed when cesium is used, while sodium is the cation of choice in the reaction to 
form the octamer.14
Another effect which is noticed is that the various sizes of calixarenes are products of 
different types of control. The calix(8)arene is thought to be the product of kinetic control, while the 
calix(4)arene is controlled by the thermodynamics. Calix(6 |arene formation is controlled by template 
effects. *5
The calixarenes are all conformationally mobile, regardless of size. The calix|4|arene, which 
is the most studied of all of these metacyclophanes, is known to exist in four conformations. These 
conformations are known as the cone, partial cone, 1,2-altemate, and 1,3-altemate. The
ildfcfcgfc -fiM j»kaftan Mtt j%4^ £&k a^puivii^MRmd to wn^n ^iwwwi uivtii w is i9% WHFWw^ vr$ wit i^ iw iiw  t^pfimifiwnRona sw  au of me 
•von numbered memByelnphanes aminowni <w aalitl< |n wnr exists preferentiabiy tn the cone 
CMlfcn nation, the caiix{6|aiene in the whsped conformation, and the caiix(8)arene in the pinched 
OOiiannatian.** The m olecules aw  w l Ormutiowally mobile, interconverting at a rate o f about 100 
r*. *ih tomMity o f The tM tocuiot bwreusini as the s iie  o f die molecule increases.W .
ithanfe.T he fbniMMion o f complexes between thecalixarene and another m olecule causes the 
conform ed*! t» be fixed. The tendency for the host to hold on to the guest varies with the tiaa Of the 
caNxamne and the conformation which the macrocycie is in. Known molecular com plexes hmttad 
with calix |4}irtne are chloroform, toluene , henaene, xylene, anisole, and pyridine; with a|thlHH*WW 
are chtorofoim  and median a I, and with calixf8]arcnc is chloroform.18 The swawpewcontpllaea w e  
ftumtadudMnthere is a good fit between the host and the guest, and the host eairtain a Meity- 
containing confermadsn. ^
Ah o f the calixaienes have some common properties. First, the macrocyptn ah iMIU« h #  
nteM if paints, with most o f them being over 2Sff C. This is much higher than th l MpeUe analog! i f
ehd*dtwtu^s wa t^emeai&w *fHhm lAam fU JI cdtMtte^i: ttiaftmawa^hJ AhM* 1 {h  elsA
tw%9M!!K4d0 J['^ P . ffcttl-liP Is iWPI *■* PVfeftWlRHB a4^ mevi ttfi
W K V l ^ t  - ITyE SlspB ^FS ***V ^^w w PPPPflp  w P  JJflHiF w tp f ^ “  #® S#Sw S  * - *<• l-i- ® W iP p p p p p ir  f§ “
a substructure for building other m olecules, as d.cre are bod) hydrophilic and hydrophobic portions
o f the cavity formed by these cyehc oligomers.
III. Derivatization of the Calixarenes at the Lower Rim
Adding substituents at the lower rim of the calixarenes to form esters, amides, ketones, or 
ethers is the simplest way to derivatize these macrocycles, since both nucleophilic and electrophilic 
aromatic substitution at the upper rim of the calixarene is known, in most cases, to fail.2®
Depending upon the reaction conditions it is possible to derivatize either part or all of the 
phenolic rings. The substitution pattern for the disubstituted products discussed here is 1,3. This 
was determined from the number of methylene resonances in the proton NMR spectra. The 
conformation of these compounds is mainly the cone conformation, but a small fraction of some of 
the metacyclophanes also exist in the 1,3-altemate conformation. The NMRs of the cone and 1,3- 
altemate products are different, 10 that these conformations can be distinguished from one another as 
well as from the other two conformations. The NMR has a different number of aromatic 
resonances for each of the conformational isomers.
l i e  first series of reactions done with die calixarenes is shown in Scheme 2. The first step 
involves using the conditions of V. Rohmer e t  al. to form the diethyl ester (V) 21 The diethyl ester 
is formed under these conditions, when using KOH as the base and acetonitrile as the solvent, in 
eighty-six percent yield. However, when different conditions were employed, that is refluxing the p- 
t-butylcalix|4|arenc in THF with sodium hydride as the base, the yield is only forty-eight percent of 
the disubstituted product, but the reaction yields a mixture of mono, di, tri, and tetrasubstituted 
esters. This difference in yield may be due to die difference in the metal used as the cation, since it is 
known that the tetramer is preferentially formed when the cation in the solution is potassium. Roth of 
these methods of formation of V yield only starting material and the desired product These two 
compounds may be separated by flash chromatography using methylene chloride as the eluting 
solvent on a silica packing.
6
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The compound (V) is fixed into one conformation, as can be seen from the simplicity o f the 
proton NMR spectrum. The diethyl ester was determined to have a 1,3-disubstitution pattern since 
the bridging methylene resonances are shown as a pair o f doublets (See Appendix). If the 
substitution pattern had been 1,2 instead, there would have been more signals for the bridging 
m ethylenes, since there would be differences due to the substitution o f the rings as well as the 
difference in the axial and equatorial protons. The conformation of this product is fixed due to the 
presence o f the bulky groups at the oxygen which prevents the interconversion o f two o f the rings, 
since neither the tert-butyl group at the upper rim or the ethyl ester at the lower rim are small enough 
to flip  through the cavity which is two angstrom in diameter.22
Conversion to the diacid (VI) of p-tert-butylcalix[4]a<‘<‘ne from V is done by hydrolyzing the 
ester with KOH in the presence of ethanol. The stage of com pleteness o f this reaction is difficult to 
determine by TLC due to the R f o f the starting material and o f the product being almost the same. 
However, die completeness o f the reaction is easily determined by proton NMR since the spectrum 
is  sim plified by the loss o f the signals due to the ethyl group when the conversion is complete. The 
reaction after recrystallization with ethyl acetate affords an eighty-four percent yield o f a pale yellow  
sem i-crystalline powder.
Formation o f the diacid chloride o f p-tert-butylcalix|4]arene (VII) is accomplished by treating 
the diacid with oxalyl chloride in a solution o f dry benzene. The reaction is quantative and the 
product is identified by the characteristic carbonyl stretch in the infrared spectra, as well as by proton 
NM R.
The acid chloride may then be converted to a chiral entity by adding an optically active amine 
to this derivative o f the calixarene. Several chiral amines were added to the acid chloride. When a - 
PEA is  added to form the bis amide (VIDA) only one product is formed, however when a-N EA  is 
added to VII there are several compounds framed, with the product a-N EA  bis amide of p-tert- 
butylcalix[4]arene (VII1B) being formed in a forty percent yield. This compound is separable from
9the other components in the reaction mixture by flash chromatography using basic alumina as the 
column packing and a 1:1 methylene chloride/ethyl acetate solution as the solvent.
The proceeding series of compounds was examined in order to see if  it would be possible to 
derivatize ihe macromolecule in such a way as to be able to form a chiral stationary phase with the 
chiral selector on the lower rim. However, after some consideration the decision was to put the chiral 
entity at the upper rim o f the cavity o f the calixarene, so that there is still the hydrogen bonding with 
groups at the bottom of the calix, once an inclusion complex is formed.
Another schem e for the derivatization of calixarenes is shown in Schem e 3. This series o f 
reactions was done in order to form an achiral calixarene stationary phase. The achiral phase derived 
from the macrocycles is o f interest in order to see what kind o f interactions are occurring, just from 
having a m olecule with a cavity bonded to the silica support The parent p-tert-butylcalix|4|arene (II) 
is de-tert-butylated in a reverse Friedels-Craft reaction.^ This reaction gives a sixty-four percent 
yield. There is a slight contamination in the sample from a very small amount o f the partially de-t- 
butylated product, as may be seen from the proton NMR spectrum. Flash chromatography using 2:1 
methylene chloride/hexane as the eluting solvent did not successful)'' remove all o f the impurity. The 
calixarene (IX) with the hydrogens in the para position is fixed the same as the starting material in the 
cone conformation due to the circular hydrogen bonding at the lower rim o f the macrocycle.
From compound IX the diallyl ether of ca!ix[4]arene (X) is formed by using conditions 
similar to V. Bohmer et t&M The reaction proceeds to give the product in an eighty-eight percent 
yield. The diallyl ether is also diametrically substituted as may be seen by the methylene resonances 
in the proton NMR spectrum, as per the reasoning discussed earlier. This compound is then 
hydrosilylated using dimethykhlorosilane to form the silane(XI). The calixarene is bonded to silica 
for 72 hours. M icroanalysis shows that the loading onto the silica to be 0 .12 m m ol/g. The silica is 
then packed to form an HPLC column.
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IV. Calixarenes Derivatized at Both the Upper and Lower Rims
It is possible when starting with the calix[4|arene (IX) to derivatize at both the upper and
lower rims o f the calixarene. This is shown in Scheme 4. Starting with IX the trimethoxy- 
monohydroxycalix[4]arene (XIII) is formed by treating the calixarene in DMF with BaO, Ba(OH>2.
and Me2SC>4.25 The Ba is used to form a complex with the oxygens which allows for the m olecule
to be only partially instead o f completely substituted. This macrocycle is postulated to exist in the 
partial cone conformation and can be identified by (noton and carbon NMR to be in this 
conformation.
The next step is to convert XIII into the mononitro-monohydroxy-trimethoxycalix[4]arene 
(XIV). A variety o f different methods for nitration have been tried and are shown in Table 1.
TAD! C 14f«JDMbi4G) •
Solvent System ____Reaction Conditions________Result.'
Cone. HNOj Acetic Ack!/CH2Cl2 Stirring at ambient temperature multiple isomers
leauivalcnt mono nitration
6MHNCh Acetic Add/CHjCh Stirred at room ftemo multiole nitration
HN03/H2SO4 Methylene Chloride Stirred at 40° C multiple nitration
multipteisomers
HNOVH2SO4 Acetic Acid&HsCh Stirre4ilQ?„C_ molecule decomoosed
Acetyl nitrate Acetic Acid/CH2Cl2 Stirred at 0° C mono nitration
l.lea. multiole isomers
Acetyl nitrate Methylene Chloride Stirred at -20°C mono nitration
multiole isomers
HN03 1 eq. benzeneteeticacid stirred at zero degrees molecule decomposed
11
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As can be seen from the table, the nitration reaction produces what appears to be multiple 
nitrated isomers. However, it is also possible that instead of being positional isomers that these 
products are conformational isomers. A proton NMR study was done using different solvents in 
order to determine if the product involves isomers or conformers of one isomer. In each of the 
solvents, CDCI3, d6-acetone, and d6-benzene there are shifts of resonances, and there are changes in 
the integration of any of the isomeric signals. Since the chemical shifts changed and the ratios of the 
isomeric peaks changed in relation to one another, it appears that the product is one nitrated isomer, 
presumably the para isomer, which exists in three conformations.
The remaining hydroxyl in XIV is then converted to an ally! ether to give the compound, 
nitro-monoallyloxy-trimethoxycalix|4)arene (XV), by treatment with ally! bromide and potassium 
hydroxide in THF.26 The reaction gives the product in seventy-two percent yield. The product from 
this reaction gives a proton NMR spectrum which is extremely complicated and depending upon die 
exact reaction conditions, the reaction may yield a product which is in one or more conformations.
For example, the addition of the allyl group to the remaining phenolic hydroxyl group when done 
using NaH gives the product in one conformation, while of the base used is K2CO3 or KOH there 
are multiple conformers present for the product The multiple conformers may be caused by the fact 
that in the trimethoxycaiix(4]arene, the phenolic ring without the ether functionality, is still free to 
interconvert However, when the allyl group is added to this macrocyle it fixes the product into 
multiple conformations, since the ring can no longer flip around. If it is in multiple conformations 
then the olefin signals do not appear in the normal range, but are shifted. Also with the multiple 
number of conformers there is so much overlapping of signals that it is extremely difficult to assign 
any of the resonances to one particular part of the caiixarene molecule.
In preparation for synthesizing chiral compounds from these macrocycles the nitro group is 
reduced to give the amino functionality. This conversion is done using Zn and HC), with a small 
amount of ethanol present to improve the solubility of the caiixarene. This reaction gives the product, 
5-amino-25-allyloxy-26,27,28-trimethoxycalix|4)arene (XVI), in fifty-three percent yield. This
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compound may then react with acid chlorides or acids to form chiral molecules. For instance, 
although not forming a chiral macrocycle, XVI in a methylene chloride solution is treated with 
triethylamine and acetyl chloride to form the acetamide (XVII) of the calixarene molecule. The 
acetamide is also in multiple conformations. When the *H NMR spectrum is run in cfo-DMSO the 
region between 2.0 and 3.0 ppm simplifies from multiple signals to one singlet at 2.5 ppm, which is 
the acetamide peak. However, the spectrum does not simplify enough for the macrocycle to be 
existing in only one conformation. Even though the mass spectrum shows a m/e of the right 
molecular weight for the compound to have the ally! ether present, from the JH NMR spectrum it is 
still not possible to tell whether or not it is actually present.
The idea for trying this type of synthetic scheme was to fix the calixarene into one 
conformation, preferably into the cone conformation, first by derivatizing at the hydroxyl groups, but 
not to have complete derivatization so that an electrophilic or nucleophilic aromatic substitution could 
be carried out at the para position of the phenolic ring, since the site of preference for the substitution 
would be the phenol over the ethers. The final hydroxyls could then be derivatized to give a tether 
with which to attach the compound to the silica to form a stationary phase. However, this synthetic 
route led to a product in a mixture of conformers at the end of the scheme. The reaction conditions 
will have to be changed in order to Find a sequence which will yield a final product which is in one 
conformation, since that is what is needed to make a column.
Instead of abandoning this route, it may be possible to start attaching some other type of 
substituent at the para position of the rings in the macrocycle, hopefully being able to freeze the 
metacyclophane into one conformation.
14
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V. Derivatization of Calix|6 |arenes and Calix|8 |arencs
As the interest in inclusion chemistry involves molecules with cavities of different sizes, the 
derivatives p-tert«butylcalix|6 |arene and the p-tert-butylcalix|8]arene are also examined. The 
derivatives of these compounds are more difficult to characterize, since except for the completely 
symmetrical molecules, they have a much greater spectral complexity. These larger macrocycles 
have not been studied nearly as much as the cyclic tetramer. Since the calix(6]arene and the 
calixf8]arene have the different sizes of cavities, the complexation behavior of the molecules 
should be different than each other and that of the calix|4jarene. So with the larger macrocycles if
y
bonded to silica it will be possible to complex with larger analytes.
In order to compare the three series o f calixurcnes the suite derivatization o f the p-tert- 
butylcalix[6]arene and p-tert-butylcalix(81arene are done as was done to the p-tert- 
butylcalix|4)arene. The de-t-butylation reaction27 was done with both the cyclic hexamer and the 
cyclic octamer, yielding respectively 80.6% and 88.8% o f ihe product. As with the tetramer these 
two products have an impurity o f a very small amount of the partially t-butylated material. Due to 
the problem o f low solubility and crystallization on the column when a small amount of product 
was subjected to flash chromatography, the material was not chromatographed. Recrystallization 
using CHCl j-M eOH did not remove all o f the impurity, as is evidenced by die appearance o f a 
signal wound 1.2 ppm in die proton NMR, which corresponds to the resonance o f the tert-butyl 
signal.
The calix(6]arene (XVIII) and the calix[8|arene (XIX) are then both partially and 
completely alkylated to form methyl ethers. The complete alkylation of these two compounds was 
accomplished by using methyl iodide in the presence o f NaH in a THF-DMF solution.28 The 
products XX and XXI are both relatively easy to characterize by *H NMR since the 
atacromolecules are symmetrical. However, when the procedure for making the 
trimethoxycalixHJarene29 is tried on the calix[6]arene and the calix(8]arene the *H NMR spectra
15
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arc extremely complicated due to the multiple number of substitution patterns which may exist 
since the Ba may complex to the macrocycle in many different ways. The amount of substitution is 
also not known for certain when this reaction is carried out on both the hexamer and the octamer. 
Due tnthe difficulty in characterization of these partially alkylated products, no further reactions 
were canied out using the partially meitylated calix|6 )arene and ca)ix|8)arene. These reactions are 
shown in Scheme 5.
n«6 x*=3
Scheme 5 n«8 x»4
Shown in Scheme 6 is the derivatization of the p-tert-butylated cyclic hexamer and cyclic 
octamer. These reactions are analogous to those performed on the p-tert-butylcalix|4]arcne. The
17
mass spectra for the ethyl esters of both the hexamer and the octamer indicate that the molecules are 
half substituted. That is the calix(6 |arene is the tri-ester and the calix|8)arene is the tetra-ester. 
However, there appears from the *H NMR that there are several different isomers present or that 
the product is in several different conformations. The esters of these two larger calixarenes are 
formed in 97% for the hexamer and 94.5% for the octamer.
The hydrolysis of the ester to the carboxylic acid is done using basic alcohol, as was done 
with die tetramer. This reaction proceeds smoothly, giving about 88% yields for both the hexamer 
and the octamer. The NMR spectra again show that there are either multiple positional isomers or 
multiple conformations present. Especially in the case of the calix|8)arene there is most likely a lot 
of conformational freedom since the cavity of ih t macrocycle is so large, the acid functionality can 
easily flip through the cavity. The only way that there will be conformational rigidity is if the 
acidic groups are hydrogen bonding when the calix(8]arene exists in the pinched conformation or 
when the cal)x[6)arene exists in the winged conformation. The next reaction which is the 
conversion to the acid chloride using oxalyl chloride in dry benzene solution proceeds quantatively.
When the chiral amides from a-PEA and a-NEA are formed the product is a mixture of
amides ranging from the monoamide to the tri or tetra amides, The yields are around 55-75% for 
these reactions, The proton NMR spectra for these amides are extremely complex due to the 
multiple isomers and multiple conformations which are present Even after submitting the amides 
to flash chromatography using 5:1 CH2Cl2/hexane as the eluting solvent, HPLC on the racemic 
DNB phcnylglycine column indicates that th a t  is still a mixture present although by TLC after 
multiple elutions there is only one spot present.
The synthesis of functionalized calixarenes, regardless of the size of the macrocycle is, is 
challenging and many times is not nearly as easy as it seems or should be. As has been stated 
previously, if the calixarenes exist in one conformation, the macrocycles are fairly easy to 
characterize. However, if more than one conformation exists for a given calixarene molecule, then 
with the proton NMR it is not easy and perhaps impossible to characterize the compound. The
18
carbon-13 NMR will also be complicated and difficult to interpret if the molecules are in more than 
one conformation. Another sroblem with the derivatives that are synthesized is that sometimes it is 
not possible to get the m olecules completely dry, so that the combustion analysis o f the 
m acrocycles may not be right. Even though these molecules have many com plexities in their 
chemistry, the calixarenes are o f interest to many groups o f synthetic chemists.
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EXPERIMENTAL
5,11*17,23-tetra-tert-butyl-25,26,27,28-tetrahydroxycalix(4]arene (II).
Procedure is found in Org. Syn. (1989) 234-237. 100 g p-tert-butylphenol, 62 mL 
37% HCHO, and 1.2 g KOH are put in a 3-L, 3-necked round bottomed flask, fitted with a 
mechanical stirrer. The reaction mixture is heated for about 2 hours at 110 -120° or until it 
becomes too stiff to stir. The semi-solid mass is then cooled to room temperature and 1000 
mL diphenyl ether is added to the flask to dissolve the residue. Vne mixture is stirred for 
one hour. A stream of nitrogen is blown across the flask while the reaction mixture is 
heated by means of a heating mantle. When a solid starts to form before reflux has been 
reached a reflux condenser is attached and the mixture is refluxed for two hours. Allow the 
solution to cool to room temperature and add 1.5 L ethyl acetate. Stir the mixture for 30 
minutes; let it stand fen* at least 30 minutes. Filter, wash with 100 mL ethyl acetate twice, 
once with 200 mL acetic acid and twice with !00 mL water. Yield 25.80 g (54%). lH 
NMR (CDC13): 8 9.60 (s, 4H, OH), 7.18 (s,8H,ArH), 4.35(d,4H,CH2),
3.50(d,4H,CH2), 1.26(s,36H,C(CH3)3). m.p. >250°C. mass spectrum (El, 70eV) m/e 
648(42.52%), 649 (21.31%) for M and M +l.
5,il,I7,23,29,36-h€xa-p~tert-butyl-27,38,39,40,41,42-hexahydroxycalix{61arene (III).
Procedure found in Org. Syn. ffl, (1989) 238-242. 50g p-tert-butylphenol, 68 mL 37%
formaldehyde, and 7.5 g KOH pellets are placed in a 3-necked, 2-L round bottomed flask
fitted with a nitrogen inlet, a mechanical stirrer, a Dean-Stark trap and condenser. The
reaction mixture is stirred and heated for two hours. 1 L xylene is added to dissolve the
semi-solid. The mixture is brought to reflux and is refluxed for 3 hours. It is cooled to
room temperature and the solid is filtered. The solid is dissolved in 1.25 L chloroform and
treated with 400 mL IN HC1. The solution is stirred for 30 minutes and transferred to a
separatory funnel. The aqueous layer is washed with 125 mL chloroform. The combined
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chloroform layers are washed with water and dried over magnesium sulfate. The 
chloroform solution is concentrated to about 500 mL by boiling and 500 mL acetone is 
added. The mixture is allowed to cool and is then filtered. Yields 35.11 g of a white 
powder (65%). m.p.>250°C. lH NMR (CDC13): 8 10.40(s,6H,OH), 7.20(s,12H,ArH),
3.85(s,12H, CH2), 1.26(s,54H,C(CH3)3).
5,11,17,23,29,35,41,47-octa-tert-butyl-49,50,51,52,53,54,55,56- 
octahydroxycalix[8]arene (IV).
Procedure found in Org. Syn. (1989) 243-245. M) g p-tert-butylphenol, 17.5 g 
paraformaldehyde, 2 mL ION KOH in 300 mL xylene are placed in a 1-L, 3-necked round 
bottomed flask fitted with a mechanical stirrer, Dean-Stark trap, reflux condenser and 
nitrogen inlet. The reaction mixture is refluxed for 4 hours, with a white precipitate 
forming after 1 hour. The mixtuK °co!ed to room temperature and filtered. The product 
is washed with 200 mL portions of toluene, ether, acetone and water and is then dried 
under reduced pressure. Yield 35.07g white powder (60%). m.p. >250°C. *H NMR 
(CDCI3): 8 9.60 (s, 4H, OH), 7.18 (s,8H,ArH), 4.35(d,4H,CH2), 3.50(d,4H,CH2),
L26(s,36H,C(CH3)3).
5,11,17,23-tctra-tert-buty!-25,27-diethyl ester-26,28-dihydroxycalix(4Jarene (V).
4.0 g p-t-butylealix[4]arenc and 6.5 g K2CO3 are dissolved in 150 mL acetonitrile. To the 
mixture is added 10 mL ethyl bromoacetate. The mixture is refluxed under nitrogen for 6 
hours. The solvent is evaporated and the residue is treated with 200 mL 1:1 dll. 
HO/CHCI3. The organic layer is washed successively with 50 mL 10% NH4OH and 
water, dried over magnesium sulfate and evaporated. The residue is recrystattized from 5:1 
CHCiyethanol and dried under reduced pressure overnight. Yields 4.5 g off-white powder 
(86.8%). JH NMR(CDCl3): 8 7.0(s,6H,ArH,OH), 6.8(s,4H,ArH), 4.70(s,4H,OCH2),
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4.50(d,4H,CH2),4.25(d,4H,CH2), 3.26(d,4H,CH2).1.2-1.6(m, 6H,CH3), 
1.30(s,18H,C(CH3)3), 1.0(s, 18H,C(CH3)3). Mass spectrum (El,70cV') m/e820 
(58.12%) and 821(21.41%) for M and M+l.
5,11,17,23-tetra-tert-butyl-25,27-dicarboxylic acid-26,28-dihydroxycalix|4]arene (VI). 
4.5g Compound V is refluxed in 100 mL EtOH, with 5,2 g KOH present in the solution. 
The mixture is refluxed under nitrogen for 24 hours. The mixture is allowed to cool and is 
quenched with 75 mL 3M HC1. The solution is transferred to a separatory funnel where it 
is extracted with 100 mL ether twice. The ether extracts are combined and evaporated. The 
residue is recrystallized from ethyl acetate. Yields 2.98 g pale yellow semi-crystalline 
material (71%). *H NMR (CDC13): 6 7.10(s,6H,/ * OH), 6.90(s,4H,ArH), 
4.70(s,4H,OCH2), 4.20(d,4H,CH2), 3.42 (d,4H,CH2), i.35 (s,18H,C(CH3)3), 
1.05(s,18H,C(CH3)3). 1R(CHC13 solution) cnr*: 3700-3500 (broad OH), 3300- 
3150(broad, OH), 1753(s, O O ) . Mass spectrum (El,70eV): m/e 764(87,12%), 
765(57.60%) for M and M+l.
5,11,17,23-tetra-tert-butyl-25,27-diacid chloride-26,28-dihydroxycalix|4]aiene (VII).
300 mg VI are dissolved in 15 mL dry benzene. 0 .5  mL. oxalyl chloride is added and the 
solution is refluxed under nitrogen for six hours. The benzene is distilled from the reaction 
mixture to remove the excess oxalyl chloride. The acid chloride is stored in dry benzene. 
Yield 0.31 g light biown oil. (quantative yield). lH NMR(CDC13): 8 7.10(s,4H,ArH), 
6.90(s,4H,ArH), 4.70(s,4H,OCH2),.4.20(dt4H,CH2), 3.42 (d,4H,CH2), 1.35 
(s, 18H,C(CH3)3), 1.05 (s, 18H,C(CH3)3).
5,1 l,17,23-tetra-p-tert-butyl-25,27-a-PEA bis amide-26,28-dihydroxycaIix[4]arene 
(VIIIA).
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To 0.25 g VII in 15 mL d/ > onzene is added 2.5 mL a-PEA. Ilie reaction mixture is 
warmed at 50°C until the evoludon of HC1 has subsided* about 30 minutes. 25 mL 3M HCI 
is added. The layers are separated and the organic layer is washed with 9% HCI and water. 
The benzene is evaporated and the residue is dried under vacuum for 24 hours. Yield 0.30 
g of off-white flakes. *11 NMRfCDCb): 6 8.6(s,2H,NH), 7.3- 7.5(m,ArH(PEA)), 
7.0(s,4H,ArH), 6.9(s,4H,ArH), 4.6(s,4H, OCH2), 4.4(s, broad, 2H, CH), 4.05 
(d,4 H,CH2), 3.4(d,4H,CH2), 2.6 (s,), 1.7 (d,6H,CH3), 1.30(s,18H,C(CH3)3). 11 
(s,18H,C(CH3)3). Mass spectrum (EI,70eV) m/e: 970(21.12%), 971(12.70%) for M and 
M+l.
5,11,17,23-tetra-p-tert butyl-25,27-a-NEA bis amide-26,28-dihydroxycalix|4|arene 
(VIIIB).
To 0.30g VH in dry benzene is added 2.0 mL a-NEA. The reaction mixture is warmed to 
50°C undl the evoludon of HCI has subsided. 35 mL 3M HCI is added. The two layers 
are separated and the organic layer is washed with 9% HCI and water. The benzene is 
evaporated and the re e is dried under reduced pressure for 48 hours. Yield 0.30 g
(74.3%). Mass spectrui. \70eV) m/e: 1074(5.71%), 1075(2.14%) for M and M+l.
*H NMR(CDC13): 8 6.7-8.4un, 16H), 4.55(s, 4H), 4.4(s broad, 2H), 4.iO(d,4H), 
3.35(d,4H), 2.6(s, 2H), 1.9(d,6H), 1.3(s,18H), 1.1 (s,18H).
25,26,27,28-teu,ahydroxycalix(41arene (IX).
Procedure found in Tetrahedron 42 (1986) 1633-1640.
In a 250 mL round bottomed flask are placed 13.3 g 11,9.02 g phenol, and 14 g A1C13 in 
125 mL toluene. The reaction mixture is stirred under nitrogen for 2 hours. The solution 
is poured into 250 mL 0.2N HCI. The organic layer is separated and the toluene is 
evaporated. Methanol is added to the residue and a precipitate forms. The solution is
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filtered and the solid is recrystallized from MeOH-CHCl^. Yields 7.75 g light brown 
powdery material (89%). Ml NMR (CDCI3): 8 9.75 (s, 4H, OH), 6.4-7.4 (m, 12H, 
ArH), 3.85($,8H,CH2). Mass spectrum (El, 70eV) m/e: 424 ( 100%), 425(29.56%), 
426(6.14%) for M, M+l, and M+2.
25,27-diallyloxy-26,28-dihydroxycalixI4|arene (X).
In a 250 mL round bottomed flask are placed 3.0 g IX, 1.96g K2CO3, and 1.80 g allyl 
bromide in 150 mL dry acetonitrile. The mixture is refluxed under nitrogen for 8 hours. 
The mixture is allowed to cool to room temperature and is quenched by the addition of 150 
mL 3M HC1. The mixture is added to a separatory funnel and extracted with ether. The 
ether is evaporated and the residue is recrystallized from ethyl acetate. It is dried overnight 
under reduced pressure. Yield 2.85 g (81%). *H NMR (CDCI3): 8 3.35(d,4H,C!H2), 
4.30(d,4H, CH2), 4.50(d, 4H,OCH2), 5.35-5.80 (m,4H,=CH2), 6.15- 
6.40(m,2H,*CH), 6.60-7.20(m,12H, ArH), 8.0(s,2H,OH). Mass spectrum (El, 70eV) 
m/e: 504(84.92%), 505(31.30%), 506(6.61%) for M, M+l, and M+2.
25,27 dimcthylethoxysilane of X. (XI)
In a 250 mL round bottomed flask are placed 3.0 g X, 30 mgs H2PtCl6» 0.5 mL- isopropyl 
alcohol, 40 mL dimethylchlorosilane and 40 mL dry CH2C12. The reaction mixture is 
refluxed under nitrogen for 7-1/2 hours. The excess silane dimethylchlorosilane is 
removed by distillation of the CH2C12. 80 mL 1:1 (v:v) EtjN/EtOH is added. The reaction 
mixture is stirred for 30 minutes. The solvents are evaported and the residue is dissolved 
in ether. The solution is then filtered through a celite cake. The ether is evaporated. The 
silane is purified by flash chromatography using 1:1 CH2Cl2/ethyl acetate as the eluting 
solvent. Yield 3.35 g of light brown oil. NMR (CDCI3): 8 8.6($, 2H,OH), 6.6-7.2(m,
12H, ArH), 4.20-4.40(m ,4M ,CH 2). 4.0(m ,4H,OCH2), 3.2-3.4(m ,4H ,C H 2), 2.0- 
2.4(m ,4H,CH2), L IO -l.3O(m,4H,CH2)0.8(m ,2H, Si-H ), 0 .05-0 .20  (m ,12H,CH3).
2S-monohydroxy-26,27,28-trimethoxycalix[4]arene (XIII).
Procedure found in Tetrahedron 22  (1983) 409-426.
In a 50 mL round bottomed flask are stirred under nitrogen 1.14 g calix[4|arene, 1.81 g 
BaO, 1.94 g Ba(OH)2, and 5 mL Mc2SO< in 25 mL DMF. The reaction mixture is stirred 
at ambient temperature for 15 hours. 5 mL concentrated NH4OH, follow ed by 25 mL H2O  
is added to the mixture. The mixture is poured into a separatory funnel, extracted twice 
with CHCI3. The CHCI3 layers are combined, dried over Na2S04, and evaporated. The 
residue is recrystallized from CHCb-MeOH to yield 0.60 g white flakes. m.p. 210-213°C. 
»H NMR (CDCI3): 8 7.70(s,lH ,O H ) 6.4-7.4(m ,12H ,A r-H ), 4.30(d,4H ,CH 2),
4 .0(s,6H, OCH3), 3.95(s,3H,OCH3), 3.4<Xd,4H,CH2). Mass spectrum (EI,70eV ) m/e: 
466 (100% ), 467(34.32% ), 468(6.71% ) for M, M + l, and M-t-2.
5-nitro-J3-monohydroxy-26,27,28-trimethoxycalix(4]arene (XIV)
A  solution containing 0 .60 g XIU, 1 drop acetic acid and 1© mL CH2CI2 is cooled in an 
acetone/ice bad). In a test tube are combined 3.4 mL concentrated HNO3 ami 121.5 mL 
acetic anhydride, forming acetyl nitrate. The acetyl m a m  is cooled in  the ice bath and 
whep it is cold is added to the calixaiene solution. The reaction mixture is stirred for 30 
minutes. 30 m L 10%Na)lCQ3 is then added to quench drareaadon. The eepmHi ktyar is 
srptatedand washed with 9% Htl and tkassr. TheCH2Cl2 ise*a|wwed ViiWOlO* 
of yeitow powder (77%). »M Nl4*(e»Cl3>: 8 l.«s,2H,ArH), 6.4-7.«m4W,Ar-H). 
S.«s,fH,Qfl). 4.40 (4.4H.CHD. 3M4», •$. flUfe). io-3.4tiMH.CHtJ. 
spectrum (El,70eV)trVc: 511(12.87%). 512(5.20%) fhfMapd M+l
5-nitro-25-allyloxy-26,27,28-trimethoxycalix|4|arene (XV).
0.10 g X!V and 0.2 g KOH are refluxed in IS mL THF for one hour. "Hie solution turns 
to bright yellow. 0.5 mL ally) bromide is added to the solution and the resulting mixture is 
refluxed for 28 hours. The solution turns to a very pale/off-white when the alkylation is 
complete. The reaction is quenched by adding 20 mL IN HCI. The layers are separated, 
extracting with CH2CI2. The residue is dried under reduced pressure overnight. Yield 
0.10 g (92.7%). 'H  NMRtCDCb) is appended but due to complexity from multiple 
confotmers is difficult to interpret. Mass spectrum (EI,70eV) m/e: 551(21.31%), 
552(8.01%) for M and M+l. C31H29NO6: found: C 72.44%, H 6.37%, N 1.16%. 
Calculated: C 73.0%, U 5.99%, N 2.54%.
5-amino-25-allyloxy-26,27,28-trimethoxycalixj4]arenc (XVI).
0.25 g XV, 5 mL ethanol, and 0.05 g Zn are placed in a 50 mL round bottomed flask 
which is fitted with a reflux condenser. 15 mL 3M HCI is added dropwise to the solution. 
The reaction is refluxed for 30 minutes after die addition is complete. The solution is 
allowed to cool to room temperature. 30 mL 10N KOH is added to the solution The 
solution is extracted with CH2CI2 and die organic layer is washed widi 9% HCI and H2O. 
The organic layer is filtered through a celi te cake and is evaporated. Yields 0.20 g 
greenish-brown crystals (83%). 'H NMR is appended. 1R (CHCI3 solutionXm r1: 3360  
(m , NH2). 3275-3100(w , broad, OH).
S-aceiannde-25-allyloxy-26,27,28-triinetlioxycalixI4]arene (XVII).
To 0.04 g XVI in 2 mL CH2CI2 is added 0.5 mL triethylamine and 0.5 mL acetyl chloride. 
The reaction is refluxed for one hour. The reaction is quenched by the addition o f 30 m l. 
IN H Q . The layers are separated. The CH2CI2 is evaporated and the residue is trituAHed 
with absolute ethanol to form 0.03 g  o f light brown powder. ’H NMR is appended. IR
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(CHCI3 so lu tion jcm 1: 1735 (s. C=0 ), 3300-3400 (broad, N-H), 300-3100 (s. ArH), 
2800-3000(m . aliphatic C-H).
37.38.39.40.41.42- hexahydroxycalixl6|arene (XVIII)
Procedure found in Tetrahedron 42. (1986) 1633-1640.
In a 250 mL round bottomed flask is stirred under nitrogen a solution containing 10.54 g p- 
tert-buty!calix{6]arene, 6.19 g phenol, and 11.74g AICI3 in 125 mL toluene. The solution 
is stirred for 2 hours at room temperature. 100 mL ice water is added. The organic layer is 
separated and evaporated. The residue is triturated with 70 mL MeOH. The crude product 
is recrystallized from MeOH-CHCl3 to yield 5.64 g white powder. (80.6% ). >H NMR 
(CDCI3): 8 10.4 (s, 6, OH), 6-7.5(m , 18H, Ar-H), 4 .0  (s, 12H, CH2).
49 ,50 ,51 ,52,53,54,55,56-octahydroxycalix[8)arene (XIX)
Procedure found in Tetrahedron 42. (1986) 1633-1640.
In a 250 mL round bottomed flask is stirred under nitrogen a solution containing 10.0 g  p- 
tert-butylcalix(8]arene, 5.8 g phenol, and 12.35 g AICI3 in 150 mL toluene. The solution 
is stirred for 2 hours at room temperature. 150 mL ice water is added. The organic layer is  
separated and evaporated. The residue is triturated with 100 mL MeOH. The solid is 
washed in succession with acetone-HCl, MeOH, CHCI3, acetone and ether to yield 5.79 g. 
(88.8%). m.p. > 250° C. 'H  NMR (CDCI3): 5  9.8 (s, 6, O H), 6-7.5(m , 18H, Ar-H), 4 .0
(s, 12M .CH 2).
37.38.39.40.41.42- hexam ethoxycalix(6]arene (XX )
Procedure found in Tetrahedron 4 2  (1986) 1633-1640.
A solution o f 1.10 g  calix[6]arene, 1.01 g NaH, and 10.25 g  CH3I in 50  mL THF and 5 
mL DM F is refluxed for 20  hours. The solvent is removed by evaporation. Water is
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added. Precipitate is rectystallized firm  MeOH-CHCh to give 0.98 g product >H NMR 
(C D C i3): 8 6.9(s,18H , Ar-H). 3.9(s,12H , CH2), 3.2 (s. J8H, OCH3).
49 ,50,51,52,53,54,5S,56-octam ethoxycalix|8 Jarene (XXI).
Procedure found in Tetrahedron 42 (1986) 1633-1640.
A solution containing 4.50 g calix(8]arene, 4.5 g NaH, and 41 g CH3I in 200 mL THF and 
20 mL DMF are refluxed for 18 hours. The solvent is evaporated and water is added to the 
residue. The solid is recrystallized from MeOH-CHCl3. Yield 4.0 g white powder. *H 
NMR (CDCI3): 8 6.8(s,24H ,A r-H ), 4.0(s,16H , CH2). 3.5(s,24H ,O CH 3).
triethyl ester o f p-tert-butylcalix|6]arene (XXII)
2 .0  g p-t-butylcalix[6]arene, 3.0 g K2C 0 3, 2.25 mL BrCH2C0 2CH2CH3, in 10 mL 
acetonitrile are refluxed under nitrogen for 19 hours. The solvent is evaporated and 100 
mL 1:1 dilute HCI/CH2Q 2 is added. The two layers are separated and the organic layer is 
washed with 9% H Q  and water. The residue is recrystallized from 5:1 C H G 3/B1OH to 
yield 2.29 g.(97% ).
tetraethyl ester p-tert-butylcalix[8]arene (XXIII)
2 .0  g  p-t-butylcalix[8Jarene, 4 .0  g K2(X>3, 2.5 mL BrCH2C0 2CH2CH3 in 100 mL 
acetm iafle are refluxed for 48 hours under nitrogen. The solvent is evaporated and 150 
mL 1:1 HQ/CH2Q 2 is added. The two layers are separated and the organic layer is 
washed with 9% H Q  and water. The residue is recrystallitted from 5:1 Q iC l3/EtOH to 
yield  2 .30  g (94.5% ).
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1.0 g of the ethyl ester XXII in 100 mL basic ethanol (5.0 g KOH in 100 mL ethanol) is 
refluxed for 24 hours. The reaction is quenched by the addition of 50 mL 3M HCI. The 
mixture is transferred to a separatory funnel and extracted with 50 mL CH2CI2 twice. The 
CH2CI2 extracts are combined and evaporated. The residue is recrystailized from ethyl 
acetate. Yield 1.0 g off-white powder, m.p. >200°C.
tetracarboxylic acid of p-tert-butylcalix(8Jarsne (XXV)
1.0 g of the ethyl ester XXIII in 100 mL basic ethanol (5.0 g KOH in 100 mL ethanol) is 
refluxed for 24 hours. The reaction is quenched by the addition of 50 mL 3M HCI. The 
mixture is transferred to a separatory funnel and extracted with 50 mL CH2CI2 twice. The 
CH2CI2 extracts are combined and evaporated. The residue is recrystailized from ethyl 
acetate, m.p. >200°C. Yield 1.05 g of off-white powder.
triacid chloride of p-tert-butylcalix(6]arcne (XXVI)
300 mg XXIV are dissolved in 15 mL dry benzene. 0 .5  mL oxalyl chloride is added and 
the solution is refluxed under nitrogen for six hours. The benzene is distilled from the 
reaction mixture to remove the excess oxalyl chloride. The acid chloride is stared in dry 
benzene. Yield 0.31 g light brown oil.
ietraadd chlorideof p-tert-butylcalix[8)arene (XXVII)
300 mg XXV are dissolved in IS mL dry benzene. O.S mL oxalyl chloride is added and 
the solution is refluxed under nitrogen t o  six hours. The benzene is distilled ftom  die 
reaction mixture to remove the excess oxalyl chloride. The acid chloride is stored in dry 
bepene. Yield 0.32 g light brown oil. (qualitative y ^ d ) .
tris a-PEA amide of p-tert-butylcalix(6]arene (XXVHla).
300 mg XXVI are put into lOmLdry benzene and l.OmLtx-PEA is added. The mixture 
is warmed to 50°C for 30 minutes. The reaction is then quenched by the addidon of 20 mL 
3M HCI. The layers are separated. The organic layer is evaporated and the residue is 
chromatographed on silica gel using 2:1 methylene chloride/ ethyl acetate as the during 
solvent. Yield 0.17 g light brown powder.
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Iris u-NHA amide of p-tcrt-butytca(ixj6|arene (XXVIUb) 
l i t )  mg X X V | are placed Into |0  m l  dry benzene and 2.0 mL ct-NEA is added to the 
solution. It is warmed to ffl°C for 4S minutes. The reaction is quenched by the addition of 
S3 m l-)M  HCI. 'Hie organic layer is separated and evaporated. The residue is 
dtmmtitograpited ON basic alutnina, using 3:1 methylene chloride /  ethyl aewne as the 
elitting soWent. Yield: 0.11 g white powder.
300«gX X V M asep u tiaee 10 mL dry benaene and 1.0 m L o-PE A  wadded. The mixture 
is w im w d to 30*Clhr 30 min—w. T hereactionisthenquanchedby the addition o f 20 mL 
3M H O . The layers are separated. The organic layer is evaporated and the residue is 
chromatographed on silicn gel using 4:1 methylene chloride/ ethyl acetate as die eluting 
solvent. Yield 0.20 g light brown powder.
tetrakis ot-NEA amid* o f p-t-bwyicalixf6Jnrenc (XXlXb)
300 mg X X V fl arc placed inio lO m Ldry bemwne and 24) mL a-N E A  is added to the 
sobtrion. X is w anaad to 30*C tnr43 mbtulBi. The reaction is quenched by the addition o f 
33 ML 3M H G . The organic layer is saparated and evaporated. The residue is 
ohromaregraphed on basic altmiina, using 1:1 methylene chloride /  ethyl acetate as the 
riM ag solvent. Yield: 0 .19  g  white powder.
This column is a shape selective column. The three-dimensional structure of the 
analytes determines whether the analytes will be retained, whether there will be separation 
of diastereomers or inclusion complexes formed. Several different series of compounds 
are looked at in order to start determining the mechanism(s) of interaction of the column 
and what types of analytes will interact with and intercalate into the cavity o f the calixarene 
bonded phase.
There are two distinct possibilities, because of the denvatization, for the 
conformation of the calixarene bonded to the silica. They are the cone and 1,3-altemate, 
which is shaped like a saddle. The reason why these two conformers are more probable 
than the partial cone or the 1,2-altemate, chaise-shaped conformed is because the 
metacyclophane which was hydrosilated was derivatized by forming the diallyl ether. The 
dialty ether exists in the cone conformation as can be seen from the proton NMR spectra. 
The substitution pattern of the calixarene when the diallyloxy compound is 1,3 so that the 
macrocycle fam ed has diammetrical rather than adjacent substitution at the phenolic 
hydroxyls. Since when the silane is bonded to the silica it is anchored by both of the 
propyl ethers to the silica support, two of the rings of the calixarene are fixed. The 
remaining hydroxyls are both in the same orientation on the calixarene, as can be seen by 
the one signal corresponding to the hydroxyl protons in the proton NMR. Therefore it is 
easily possible that the molecule exists in the cone conformation, where the hydroxyl 
groups s i t  directed in the same direction as the ethers, and are pointing down in towards 
the silica support Also, another distinct possiblity is to have the hydroxyl groups oriented 
in the opposite direction of the propyl ethers and thus be in the 1,3-altemate conformation. 
The two possible conformations for the stationary phase are shown in Figure 1. The 
mentation of the molecule with respect to the silica support is uncertain, since the alkylated
VII. Analysis of the Calixarene- Derived HPLC Column
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chain may be turned in several directions, with respect to the ring system of the 
metacyclophanc.
cone
figure 1
If the macrocycle, when bonded to the silica support is in the cone conformation the 
open end of the cone would be available for the analytes to be intercalated into, since the 
hydroxyls would be directed towards the silica suppon. In the cone conformation, 
formation of complexes with aromatic rings and ammonium ions are known to occur with 
the free calixarene. Therefore, it should be possible in the stationary phase to get inclusion 
complexes formed with analytes which contain these moieties or others of similar size and 
shape.
However, if the macrocycle bonded to the silica support is in the 1,3-alternate 
conformation, molecules o f various sizes may be comptexed, as the two rings with the 
hydroxyls on them have flexibility. This allows for the complexation of smaller molecules 
when the hydroxyl groups are oriented in towards one another, or die cyclic oligomer may 
complex with larger molecules if the rings containing the hydroxyl groups are oriented so 
that the hydroxyls are directed away from one another.
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It is known that the more stable, stronger complexes form when there is a good fit 
between the host and the guest, when there is not a lot of energy expended for the 
desolvation and reorganization of the cavity and if the host exists in a cavity-containing 
conformation.^ Therefore, by this analogy the ideal system if the formation of strong 
complexes are wanted, which would lead to an increase in retention time, the macrocyclic 
stationary phase would be in the cone conformation. Also, the strength of the complex 
has an effect on the band shape of the chromatogram. However, if weak complexes are 
what is wanted, so that retention times may not be as great, then the 1,3-altemate 
conformation would be ideal.
If it is assumed that the conformation of the caiixarene is not changed after 
silylation and bonding, then the conformation of the silica bonded caiixarene it  A t cone 
conformation. As can be seen from the proton and cafbon-13 NMfU of die diallykixy and 
the silane, there are fewer signals in the aromatic region of die f  flffeoa spectrum and the 
aromatic bridging methylenes farm a pair of doublets, which are indicative of the cone 
conformation, since the U M ternate conftirmcr has a 
because of the averaging of the Signals.
compiixes. taverai aotfestrf commends m looked at to determine die mechanisms of 
iniartedfid of m wfftdw *ldt Ida rtfim 11» calixafene column, or batkei phase, is
w t $fm  J fJ * Of inasracdcMs m  ttmoidtg
afc AA bltfh g M a a |a u a  li -g^ ygfifygfc wta JEdhee
..ai^ di• . "WBBdF w ^^ df-. -epe.
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of seven glucopyranose units. The diameter at the top of the cone shaped cavity in this 
column is 7.5 angstroms.31 Most of the analytes were run on all three phases in at least 
two mobile phases. Also shown in the tables is the effect of additives or buffers on the 
calixarene column for certain analytes.
TABLE 2
AROMATIC HYDROCARBONS 
Calixarene Column
compound
Solvent:
k’
4:1 M e0I|/H 20
compound k'
benzene 1.38 diphenyl acetylene 5.47
t-butylbenzene 1.93 fluorene 4.12
TTBB 8.87 benzofluorene 7.42
durene 3.24 triphcnyl methine 7.12
pentamethylbenzene 4.22 phenanthrene 4.86
p-cymene 2.72 9,10-dimethy lanthracene 7.12
biphenyl 3.14 anthracene 5.09
naphthalene 2.25 tetracene 5.27
2-methylnaphthaJene 3.15 chrysene 11.18
2,3-dimethylnaphthalene 4.75 benzanthrene 11.63
2,6-dimethylnaphthalcnc 4.09 pyrene 7.44
1,6-dbnethylnaphthalene 4.28 perylene 7.88
acenaphlhalene 4.13 nibrene 43.18
ftflfltfltiifeene 4.89
Solvent: 8:2 Methanol/Watcr
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TABLE 3 DIMETHYL NAPHTHALENES
Column: Calixarene C-18 Cydodextrin
compound k ’ k' k ’
1.2 3.32 3.23 0.42
1.3 3.47 3.26 0.39
1.4 3.40 3.23 0.38
1.5 3.49 3.25 0.41
1.6 3.30 3.23 0.45
1*7 3.31 3.24 0.39
2.3 3.34 3.24 0.40
2.6 3.26 3.25 0.63
2.7 3.25 3.23 0.63
TABLE4 DIMETHYLNAPHTHALENES
Solvent: 75:25 Methanol/Water
Column: Calixarene C-18 Cyclodextrin
compound k ’ k* k ‘
1.2 4.43 4.24 0.75
1.3 4.70 4.27 0.64
1.4 4.75 4.24 0.62
1,5 4.91 4.26 0.68
1.6 4.51 4.24 0.74
1.7 4.46 4.25 0.63
2,3 4.65 4.25 1.28
2.6 4.60 4.26 1.11
2.7 5.23 4.24 1.15
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PHENOLS AND SUBSTITUTED BENZENES 
Solvent: 8:2 Methanol/Water
TABLE 5
Column
Compound
Calixarene
k ’
C-18
k ’
Cyclodextrin
k ’
benzene 1.38 1.75 0.31
toluene 1.32 2.42 0.41
ethylbenzene 1.50 3.89 0.43
isobutylbenzene 1.99 4.05 1. !9
t-butylbenzene 1.93 5.46 1.97
secbutylbenzene 1.97 6.03 1.23
TTBB 8.87 2.52
mesitylene 1.79 2.66 0.32
durene 3.24 2.30 0.48
pcntamethylbenzene 4.22 0.88 0.96
nitrobenzene 2.21 1.09 0.52
2,4-dinitrobenzene 4.02 1.01
1,2-dichlorobenzene 2.61 2.10 0.59
1,3-dichlorobenzene 2.66 2.17 0.52
1,2,4-trichlorobenzene 3.07 2.07 0.50
2-nitrotoluene 2.08 1.36 0.43
4-nitrotoluene 1.87 1.42 0.52
3 nitrotoluene 2.28 1.55 0.46
2,4-dinitrotoluene 3.03 1.19 0.37
2,6-dinitrotoluene 3.13 1.29 0.42
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a-naphthol 1.20 1.19 0.53
(i-naphthol 1.11 1.08 0.48
phenol 0.78 .66 0.47
2-nitrophenol 1.46 1.08 0.72
4-nitrophenol 0.81 0.72 1.20
2-chlorophenol 1.12 0.84 0.42
2-chloro-4-nitrophenol 1.12 0.63 0.43
pentachlorophenol 2.57 1.49 0.43
2,6-di-t-butylphenol 6.32 1.02 0.86
2,4-dimethylphenol 1.04 1.11 0.34
octylphenol 7.64 4.83 1.84
2,6-dimethylphenol 1.0 0.30
4-nitro-o-xylene 3.13 2.30
2-nitro-p-xylene 2.28 2.0
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TABLE 6
PHENYL KETONES
Solvent: 8:2 Methanol/water
Column: Calixarene C-18 Cyclodextrin
Compound k ’ k ’ k ’
acetophenone 1.09 0.64 0.43
o-met hy lace tophe none 1.06 0.82 0.35
p-methylacetophenone 1.14 0.82 0.48
propiophcnone 1.11 0.91 0.47
isobutyrophenone 1.25 1.18 0.54
phenyl isobutyl ketone 1.40 1.27 0.58
butyrophenone 1.35 1.29 0.46
dodecanophenone 4.40 1.36 0.66
TABLE 7
PHENYL KETONES
Solvent: 75:25 Methanol/water
Column: Calixarene C-18 Cyclodextrin
Compound k ’ k' k ’
acetophenone 1.34 0.67 0.65
o-methylacetophenone 1.55 1.07 0.54
p-methylacetophenone 1.67 1.07 0.71
propiophcnone 1.66 1.07 0.71
isobutyrophenone 1.91 1.58 0.86
phenyl isobutyl ketone 2.39 1.73 0.99
butyrophenone 2.08 1.79 0.76
dodecanophenone 5.01 2.31 1.48
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TABLE 8
ANILIDES
Solvent: 8:2 Methanol/Water 
Compound RNH-0-R'
Column: Calixarene 
R R k ’
C-18
k ’
Cyclodextrin
k*
Ac c h 3 0.87 0.50 0.43
Ac (CH2)2H 0.95 0.69 0.49
Ac (CH2)4h 1.26 1.49 0.82
Ac (c h 2)6h 2.35 3.42 0.83
Ac (CH2) ioH 4.13 3.86 0.79
Ac (CH2)12H 6.58 5.25 0.81
Ac (CH2) |4H 6.81 0.69
R=C(0)(CH2)nH
n
2 CHj 0.93 0.41
3 c h 3 1.21 0.42
5 c h 3 1.49 0.42
7 c u 3 1.78 0.47
11 c h 3 3.87 0.64
17 c h 3 9.81 0.67
40
TABLE9
ANILIDES
Solvent: 75:25 Methanol/Watcr 
Compound RNH-<]>-R'
Column: Calixarene 
R R ' k '
C-18
k'
Cyclodextrin
k’
Ac CH3 0.97 0.54 0.66
Ac (CII2)2H 1.18 0.81 0.79
Ac (CH2)4h 1.87 2.05 1.22
Ac (CH2)6H 3.44 3.65 1.61
Ac (CH2)]0h 12.86 6.02 1.71
Ac (CH2) |2H 25.05 11.53 1.90
Ac (CH2) i4H 47.70 2.10
R=C(0)(CH2)„H
n
2 c h 3 1.22 0.66 -
3 CHj 2.03 1.03 -
5 c n 3 2.66 1.56 -
7 c h 3 3.96 2.86 -
11 c h 3 12.08 4.45 -
17 c h 3 12.72 6.83 -
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TABU* 10
ANILINES
Solvent: 8:2 Methanol/Water
Column:
Compound
Calixarcne
k ’
C-18
k ’
Cyclodextrin
k'
Aniline 2.10 0.41 0.48
p-toluidine 2.94 0.53 0.50
p-ethylaniline 3.21 1.05 0.53
p-isopropylaniline 2.54 1.27 -
p-n-butylaniline 4.12 2.06 1.02
p-n-hexylaniline 5.72 4.53 1.16
p-octylanilinc 10.2 8.63 1.12
p-decylaniline 14.68 13.87 1.02
p-dodecylaniline 17.32 17.12 0.98
p-tetradccylaniline 26.96 24.47 1.02
3,5-dinitroaniline 4.59 0.88 0.35
p-bromoaniline 3.17 1.0 0.60
m-fluoroaniline 3.12 0.68 0.40
p-fluoroaniline 3.02 0.63 0.42
p-nitroaniline 2.72 0.53 0.63
3,5-dichloro-2-nitroaniline 5.08 1.84 0.37
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TABLE 11
ANILINES
Solvent: 75:25 Methanol/Watcr
Column:
Compound
Calixarene
k*
C*18
k*
Cyelodextrin
k ‘
Aniline 2.48 0.41 0.70
p-toluidine 6.73 0.83 0.75
p-cthylaniline 7.54 1.07 0.94
p-isopropylaniline 6.40 1.49 1.62
p-n-butylaniline 8.56 2.62 2.04
p-n-hexylaniline 10.10 8.67 2.4
p-octylaniline 12.63 10.37 2.35
p-dccylanilinc 19.10 15.43 2.36
p-dodecylaniline 25.47 19.32 2.71
p-tetradecylaniline 32.43 28.26 3.03
3,5-dinitroaniline 7.75 0.52
p-bromoaniline 4.37 0.92
m-fluoroaniline 2.95 0.62
p-fluoroaniline 3.60 0.64
p-nitroaniline 6.54 0.97
3,5-dichloro-2-nitroaniline 0.59
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TABLE 12
ANILINES
Solvent: 8:2 Methanol/Water + additive or buffer
Additive or buffer: 1 % acetic acid NH4+ OAc 0.1 % CF3COOH
Column: Calixarene
Compound k ’ k ’ k ’
Aniline 7.49 1.37 7.84
p-toluidine 4.58 1.35 4.87
p-ethylaniline 3.88 1.51 4.03
p-isopropylaniline 7.04 1.53 7.18
p-n-butylaniline 5.90 1.89 6.13
p-n-hexylaniline 13.20 13.78
p-octylaniline 13.80 4.09 14.23
p-decylaniline 17.14 5.90 17.44
p-dodecylaniline 21.20 9.70 21.53
p-tetradecylaniline 28.23 10.90 29.0
3,5-dinitroaniline 4.61 1.99 4.62
p-bromoaniline 5.73 1.47 5.76
m-fluoroaniline 3.78 0.99 3.80
p-fluoroanilinc 3.10 0.88 3.20
p-nitroaniHne 3.06 2.44 3.09
3,5-dichloro-2-nitroaniline 7.62 1.79 7.74
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TABLE 13
(3-NAPHTHOL DIETHERS
Solvent: 8:2 Methanol/Water Compound
Column: Calixarene C-18 Cyclodextrin
n k* k' k ’
2 11.17 2.25 0.44
3 21.44 5.35 0.67
4 36.47 7.57 0.71
5 50.57 10.52 0.73
6 58.38 14.74 0.72
8 65.28 18.96 0.75
10 81.50 27.94 0.79
12 97.0 36.78 0.84
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TABLE 14
DIMETHYL PHENOL DIETHERS
Solvent: 8:2 Methanol/Water Compound
Column:
n
Calixarene
k'
CM 8 
k'
Cyclodextrin
k ’
2 4.13 2.61 0.33
3 9.55 4.44 0.33
4 12.22 6.56 0.33
5 13.09 9.17 0.33
6 16.70 11.35 0.33
8 21.66 17.47 0.33
10 23.02 24.56 0.35
12 25.50 35.72 0.38
In looking at the data for the various series for the different stationary phases, it 
seems as if there is not much of a lipophilic effect on the cyclodextrin phase, while for the 
calixarenc phase there is a lipophilic effect present. Of course, the main interaction on the 
C -18 column is the hydrophobic interaction.
One possibility of another interaction is that the analytes or parts of the analyte 
molecules are fonning an inclusion complex with the macrocyclic bonded phase. The 
separation of positional isomers can be caused by the ability of one of the isomers to form a 
better complex with the stationary phase than the others. For instance, shown in Table 3 
are the dimethylnaphthalenes. Only a couple of the positional isomers are able to be 
separated on the C -18 column, where the main interaction which is occurring is the 
hydrophobic interaction. Both the calixarene and the cyclodextrin show the ability of being
able to separate all or almost all o f the positional isomers. This separation is due to the 
geometrical shape of the molecules, with the calixarene phase and the cyclodextrin phase 
retaining different positional isomers more. I ’he most retained on the calixarene column are 
some of the least retained on the cyclodextrin column. This could be due to the difference 
in the shape of the cavity. Given enough water in the mobile phase, baseline resolution of 
ail of the isomers may be achieved in mixtures of these naphthalene derivatives. However, 
an interesting fact to notice is that the retention on the calixarene column is much greater 
than that on the cyclodextrin phase. This might be due to the basket phase forming 
stronger complexes with the analytes in these mobile phases than the C ydo Bond 1 column.
In the separation of the ortho, meta, and para isomers of disubstituted aromatic 
compounds the order of elution on the calixarene and the cyclodextrin column are different. 
The elution order on the calixatene phase is ortho > meta > para, while on the cyclodextrin 
phase it is para > meta > ortho, and this order o f elution on the cyclodextrin column is 
known to be from when the analytes have formed a complex with the stationary phase.32 
This seems to indicate that there are different mechanisms involved in the separation of the 
positional isomers. Since the cavities of the two columns are made up of different units, 
with the calixarene being formed by phenolic units and the cyclodextrin being made up of 
glucopyranose units, the order of elution can presumably be different between the two 
phases even when the analytes are forming an inclusion complex in both cases.
The substitution of the analyte will have an effect on the complex formed and thus 
the retention of the analyte on the column. Presumably, since the para isomer is first 
eluted, the inclusion complex which is formed is not as strong as that of the meta or ortho 
complexes with the calixarene stationary phase. In looking at the dimethylnaphthalenes in 
Tables 3 and 4, it can be seen that the naphthalenes which have a free side of the molecule 
are retained the longest, where the ones with both rings substituted come off the column 
faster. This indicates that the two macrocycles have a geometric preference and that some
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o f  the postitional isomers complex much better than others. TTie strongest complex with 
the calixarene column is with the 1,3 dimethylnaphthalene and on the cyclodextrin column 
it is the 2,6 - and 2,7- dimethylnaphthalene. Although the orders of elution on the basket 
phase and the cyclodextrin phases are different, there is still probably intercalation into the 
cavity occurring on both of the bonded phase.v
As part o f the comparison o f the three stationary phases plots of the In k’ vs n for 
the various homologous series are made and are shown in the following graphs.
In k' vs n Anilides
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Buffered Mobile Phases - Anilines
In k' AcOH 
In k'NH4 OAc 
In k' CF3CCX)H
Beta Naphthol Diethers In k' vs n
calix If 
C-18 ll 
CD In
DMP Diethers In k* vs n
M
C
calix In k‘ 
C*18 In k’ 
CD In k*
n
In looking at the graphs, the anilines show a linear increase on the C-18 column as 
they should, for the hydrophobic effect. The calixarene and the cyclodextrin phases show 
different curve shape. For the DMP diethers and the beta naphthol diethers the C-18 and 
cyclodextrin phases both show relatively straight lines, although the slopes are different 
which may indicate a difference in mechanism. The calixarene column for the DMP ethers 
has a definite curve for the series in this plot. This could indicate that there is some 
intercalation occurring.
in general, the retention on the calixarene column is longer than that on the 
cyciodextrin and octadecyl phases. The calixarene derived phase may have several possible 
mechanisms in operation in the various series analyzed. The cyciodextrin phase is known 
to form both head-to-head and hea -to -tail complexes with certain analytes. It is possible 
to also to have both of these mechanisms present on the calixarene phase as well. Pictured 
for the p-alkyianiline series in figure 2 and figure 3 are these two types of inclusion
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complexes, although whether only one or both are actually occurring is not known for 
certain. The data suggests that there might be competing mechanisms is some of the series.
Head to Head Mechanism Head to Tail Mechanism
figure 2 figure 3
One other fact to notice about the aniline series which was analyzed is that when an 
additive or buffer is added to the mobile phase to make it more acidic the retention of the p~ 
alky! anilines on the calixarene phase increases. This indicates that the ammonium ion 
probably is forming a better complex with the stationary phase than the amine.
While several series of compounds were analyzed on the calixarene column and 
compared to the cyclodextrin and the C-18 columns, there has not been an extensive 
enough study done on the column to know what the nature of interaction of the analytes 
with the stationary phase are.
VIII. Possible Applications and Conclusions
The calixarene substructure is the starting point for many dcrivatizations which may 
lead or have led to many different industrial applications. s derivatization of the 
calixarene depends upon what kind of use the macrocyclc will have. Some of the possible 
applications for these cyclic oligomers are described here.
The calixarene family is industrially interesting for several reasons. First, the 
macrocycles may be formed in large quantities, in one-pot syntheses. Also this family of 
compounds form a well defined series of cyclic oligomers and they are amenable to 
chemical modifications.34 The properties which make the calixarenes useful industrially 
are high melting points, high thermal and chemical stabilities, low solubility in many 
solvents and low toxicity.
The calixarenes are postulated to become the third supramolecuie, with 
cyclodextrins and crown ethers being the other two. The calixarenes have the following 
properties which are considered essential: a systematic change in the ring size, can be 
easily made on a large-scale, can be derivatized, can fui ction as an ionophore and as a 
cavity-shaped host.35 Also properties that the calixarenes do not have, but which may be 
achieved with modification of the substructure are optical activity and neutrality under the 
working conditions.36 However, the one property that the calixarenes do not have that the 
cyclodextrins and the crown ethers do is UV transparency.37
Interest in calixarenes began when it was discovered that these macrocylces were 
cavity containing molecules that are capable of forming host-guest inclusion complexes 
with a variety ot molecules. If the molecule is appropriately derivatized it may potentially 
be used as an enzyme mimic, since, like cyclodextrins, these metacyclophanes have 
different cavity sizes, which play a role in molecular recognition.38 Another requirement if 
the macrocycles are to be used as enzyme mimics is that the calixarene is chiral, and the
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host molecule is water-soluble, since enzymes exist in aqueous media.*9 Unlike the 
cyclodextrins, the cavity size of the calixarene is determined in part by the type of 
substituents and the bridging, which also determines how large or small of a guest may 
complex with the macrocycle.40
Calixarenes, like the crown ethers, have the ability to complex to metal cations. 
Also, these cyclic oligomers may uansport these ions through hydrophobic liquid 
membranes.41 The transport ability of the calixarenes has been shown to be more effective 
in basic solution than it is in neutral solution due to the ability of the calixarene to lose a 
proton and thus form a neutral inclusion complex. The types of calixarene derivatives used 
for the ion transporting are substituted esters, ketones, and amides.42 The calixarenes are 
good phase transport agents for several reasons, hirst, there is lipophilicity in the ion pairs 
formed and there is a complinientarity between the macrocyclic host and the complexed 
cation 4^
A related application to this is calixarenes may be used as ion selective electrodes. 
For example, the sodium ion selective electrode made from these compounds is used for 
Na+ analysis in blood plasma 44 Also, the calixarenes are used for the extraction of silver, 
gold, uranium, and cesium from aqueous media.45 Some other known industrial 
applications of derivatized calixarene systems are as accelerators for instant adhesives46, as
antioxidants in organic polymers47, as dc-cmulsifiers for water in oil emulsions4**, as an 
agent to remove heavy metals from drinking water,49 and for alkali metal separations.5,)
An application which is of interest to the Pirkle group, and potentially to industry is 
to derivatize the calixarenes to form achiral and chiral stationary phases. Both of these 
types o f columns have potential value. The achiral column may be used to separate 
positional isomers and homologous series o f compounds. For instance, using the achiral
calixarene column discussed previously it is possible to separate the positional isomers of 
dimethylnaphthalene and the ortho, meta, and para isomers of substituted aromatics. 'Hie
separation occurs in pari through the degree of intercalation into the cavity, since for 
positional isomers should not have a large difference due to the hydrophobic effect. l;or 
the homologous series o f compounds looked at there appears to be both a hydrophobic 
effect and the intercalation into the cavity effect.
A chiral column with the calixarene substructure has several interesting features.
The macrocycle, like in the achiral basket phase has both hydrophobic and hydrophilic 
parts to the molecule. The same type o f interactions whicn are seen on the achiral phase 
should also lx* observed on the chiral phase. As well as these interactions, the hydrophobic 
effect, intercalation into the cavity, lipophilic and hydrophilic interactions, there will also be 
effects which are due to the chiral selector which is bonded to the macrocyclc, which will 
allow for the separation of enantiomers. One way to make a chiral stationary phase from 
the calixarene is to do the Mannich Reaction on the diallyloxycalix[4|arene using a chiral 
amine in the reaction.-**1
There are many possible applications and directions with which the chemistry o f the 
calixarenes may go. For instance, in order to get different-sized Basket Phases, the 
calix[6jarene and the calix|8|arenc can be derivatized in an analogous way to the 
calix|4|arene. Also, variations in the chiral amine added during the Man** h Reaction may
lead to different macrocyclic bonded phases which may be useful in enantiomeric 
separations.
The calixarenes, as a whole family, are an interesting class o f macrocycles. With 
the appropriate functionality on the metacyclophanes, there are many different industrial
applications. Since the chemistry o f these macrocycles is not completely understood, this 
family o f compounds reamain synthetically challenging.
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APPENDIX
Proton and Carbon NMRs of Selected Calixarencs
p-t-butylcalix|4|arene
calix[4|arene ^9
trimeihoxycalix(4]arene 60
nitro-trimethoxycalix|4]arene
nitro-allyloxy-trimethoxycalix|4]arene 62
amino-ally loxy-trimethoxycalix| 4 jarene 63
acetamide allyloxy-trimethoxvcalix|4]arene 64
diallyloxycalix(4|arene 65
silane 66
diethyl ester p-t-buty!calix|4]arene 67,68
diacid p-t-butylcalix(4)arene 69
diacid chloride p-t-butylcalix|41arene 70
a-PEA bisamide p-t-butylcalix|4)arene 7 1
a-NEA bisamide p-t-butylcalix|4]arone 72
p-t-butylcalix(6]arene 73
a-PEA trisamide p-t-butylcalix(6|arene 74
p-t-butylcalix[8Jarene 75
a-PEA tetrakisamidc p-t-butylcalix|8|arene 76
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